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ABSTRACT 

Reviewed was research on the development of the 
cognitive skills of language, concept formation, and arithmetic in 
children handicapped by blindness, mental retardation, or deafness. 
Research on the language skills of the blind included a rejection of 
sensory compensation, while research on language in the retarded was 
seen to focus on linguistic variables and reading ability. Included 
among the research on language development of the deaf was research 
which was reported to suggest the value of early sign language 
training for cognitive development and the author's research on 
witten language ccsnprehension by the deaf. Research on concept 
formation in the blind found deficiencies in concept formation -unong 
the blind, while concept problems in the retarded were found to be in 
the areas of language control and verbalization rather than 
perception. Research on concept development in the deaf showed 
conflicting findings on whether a concept deficiency exists once 
verbal aspects are removed. Little research on arithmetic skills in 
the blind was reported, but one finding of skill developmer.t in the 
retarded showed better computation skills than normal children of the 
same -mental age. The author's research found that the mathematical 
performance of daaf children was usually slightly higher than that of 
normal hearing chilJixen. (t.3) 
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A Siirvey of Cognition In Ht^jdicapped CJhlldren 
Patrick Suppes 

Institute for Mathematical Studies in the Social Sciences 

Stanford University 

In this article I survey broadly the literature on cognition, with 
a specicLL emphasis on the development of academic skills in handicapped 
children* Amoxig such skills^ I shall concentrate almost entirely on 
language and elementaiy mathematical skills* This concentration seems 
to need little justification, since these are the hasic skills most 
Important in training haxidicapped children for productive careers in 
society* It is also the set of skills most important for normal children^ 
This does mean that to some extent I neglect the full range of psychologi- 
cal studies of concept formation In handicapped children in order to con- 
centrate especially on language development and elementary mathematics. 
I am excluding the many studies on operant conditioning^ reinforcement 
schedules, paired-associate learning and the like, especially in mentally 
retarded children. It is possible to make a case that these studies fall 
vlthin the general area of cognition, but it is also reasonable to exclude 
them> and I have done so Mere. There have been a great many stvidies in 
the general area I am excluding^ and the interested reader will find it 
easy to get into that literature from seme of the survey references 
given below. 



I have divided the article into three main parts> treating first 
problems of language and language development, second, concept formation 
and abstraction, and third, elementexy mathematical skills. Ab might be 
expected, the literature on language development, for exa/aple, is larger 
by an order of magnitude than the literature on the development of mathe- 
matical skills. I have made some effort to locate studies deetling with 
mathematical skills, but it will be clear to the reader that additional 
studies of a substantial nature are needed in order to give a more cota- 
plete picture of the problems and potentialities of developing mathe- 
matical skills in handicapped children. 

in each of the three parts, I treat first the relatively small litera- 
ture dealing with cognition in blind children* Second, I survey somewhat 
super flcUsuLly the enormous literature on mentaUy retarded children. The 
psychological and educational literature on mental retardation is InanenSe, 
with little hope for surveying iv in this relatively brief article. The 
reader is referred especially to the Annual International Reviews of 
Research in Mental Retardation edited by Nonnan R, Ellis. Other single 
volumes reviewing the reseai^ch In extensive form ai*e, for example, SteVene 
and Heber {196k) and a book of considerable theoretical inter*?fit that I ' 
shall return to later, Estes (1970)* I emphasize, hoxfever, tl:at these 
references are only the top of the Iceberg. 

At the end of each part I turn to deaf children* VSy ovn research 
has been concerned with deaf children, and consequently, it is only here 
that t report any primary research frcm the Institute for Mathematical 
Studies In the Social Sciences at Stanford. Research on forms of handi- 
cap other than these three has not been covered, even though there are 



substemtial bodies of reseaa*ch available # Moreover, the analysis of 
research on the cognitive skills of the mentsLlly retarded has mainly 
been restricted to studies dealing vith educable mentally retarded 
children. 

I have also restricted myself to cognition in handicapped children^ 
because It seems c^Rt important to understand developmental processes and 
their absence in childre;.-. Fran a clear understanding of these we shall 
oe able to predict cognitive abilities of handicapped adults, arid it is 
really only in dealitjg with handicapped children as opposed to adults 
that we can hope to develop special education programs of long-range 
significance. Limitations of space and time have forced these various 
restrictions . 

The general focus in this article is cognition, but because so much 
of the discixsfilon is devoted to language skills, a few remarkd on the 
relation of language to cognition seem appropriate. To begin with, it 
is Important 'be ^.^cte that an emphasis on cognition Immediately narrows 
the Interest in language skills. The development of phonology, a subject 
of g^'cat complexity and itnpofrtance lA its own right, is not deeply relevant 
t? cognition* A similar case can be even made for the developtnent of 
purely grammatldeLL or syntactical skills. The relevance of language to 
cognition iS; In semantical terms more than any others, the means by 
which langtmge is used to convey information and meaning. As a cbnse- 
q.uence, what is said here about language and cognition will differ rather 
markedly in tone and emphasis from ft purely linguistic account of languagje 
development in handicapped children. 



1. Language Skills 

1.1. Blind Cailldren 

Bean (1932) studied the language development of his son, who vas 
blind until l8 months of age. He found that until the blindness vas 
removed by an operation the child's vocabulary was composed primarily 
of words derived from senses other than the visiaal. After the opera*- 
tlon the visual terms multiplied much more rapidly in his vocabulary 
than did terms referring to experience obtained through the other senses. 
Maxfleld (1936) studied eight totally blind children over several obser- 
' vationea periods. The children were young, ranging frcm 58 to 73 months. 
i?ot stirprisingly, he found that even the youngest children had a sig- 
nificant percentage of visual terms in their spoken language. For 
example, one of the three subjects in the range frcm 38 to k2 months of 
age, who was totally bllnd> used visual terminology in 6 percent of his 
total responses. More surprising are the results of Cutsforth (I95I), 
who investigated word associations in 26 congenitally blind childreni 
He found that nearly one-half of their responses contained the names of 
visual qualities. Only about 7 percent referred to the qxialities of 
taste or smell and approximately 3 percent to qualities of hearing. 
The remainder referred to abstract qualities not referring to particular 
sensory modalities. He concluded that the high percentage of vistial 
responses vas evidence that the children were developing language to 
meet social approval. An alternative hypothesis that would be interesting 
to ixiveetigate is that the saliency of visual terms in the language heard 
by the children is certainly much higher than that of terms referring to 
experience obtained through the other modalities* Bone rather carefully 



designed experiments vould be neceBsary to disentangle these two vays of 
looking at the kind of resiilts that Cutsforth reported* 

Nolan (i960) obtained free and controlled associative responses to 
the Btlmulus vords used by Ciitsforth* He obtained a some\rtiat smaller 
number of visual responses, but concluded that -iie use of visual terms 
of blind children was not a significant problem for them. 

Hayes (1938) studied hh^ blind children (ages 10 io 2^), using 
Terman's English Group Vocabulary Test# The results indicated that 
among the blind Inferiority in the xinderstanding of vords was abcut 
egual to their retardation in grade placement In the early grades* 

In the research literature on blind children the use of terms re- 
ferring to visual experience is often termed verbalism^ because the use 
of such terms is not buHt on direct sensory experience of the students* 
A study by fiarley (1965)> careftilly conducted with kO children blind ttm 
birth, led to the conclusion that vertalism is not a significant problem* 
He found that chronological age^ intelligence and experience Vere in»- 
verseiy related to verbalism, i#e*> high occurrence of * i'=^tlal terms, 
and he found no significant relation between personal adjustment ahd 
verbalism* 

(Che cognitive status of visual terms in the language of blind 
children cannot easily be determined from the studies reported* Moi*e 
detailed semantical analysis of thelt* actual use of such terms is much 
to be desired* Seme steps In thld dlx^ection have been taken by Rathna 
(1963$)^ who analyses in some detail ^e visual terms used by blind 
persons In their spoken language* 
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Bateman (1965) studied the performance of partial-seeing children in 
comparisdn with normal-seeing children on the Illinois Test of Psycho- 
linguistic Abilities (ITPA). Her subjects vere 93 partial-seeing children 
In Grades 1 to 3. Their performance on each subtest was ccmpared with the 
standardized group upon vhich the ITPA norms are established. In epite of 
an expectation of superior performance by the partial-seeing children on 
the Auditory Decoding Subtest, no difference in performance vas fotind* 
On the Visual Decoding Subtest, the partial-seeing children, as would 
be expected, showed a clear and significant deficit. On the Auditory 
Vocal Association Subtest, differences in comparison according to chrono- 
logical age were found, but when comparisons were based on mental age the 
sli^t deficit for the partial-seeing group was not significant. On the 
<risual Motor Association Subtest, the partial- seeing group was signifi- 
cantly below the sighted group as mi^t be expected* On the Vocal 
Encoding Subtest, no significant differences between the groups were 
found. 0.. the Motor Encoding Subtest, the partial- seeing children were 
significantly below the normative- sroup. This deficit was perhaps the 
most significant and seems to point to a lack of knowledge of how objects 
are used, knowledge that is usually gained from visual experience* On 
the Auditory Vocal Automatic Subtest and the Auditory Vocal Sequential 
Subtest, no significant differences were found. On the other hand, 
again as would be expected, on the Visual J^tor Sequential Subtest, 
significant deficits were found in the partiCLL-seeing group. 

A careful study following up on the question of whether blind 
children do compenBate by developing superior^ aitditory discrimination 
ability especially for spoken language has been conducted by Hare, 
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TTflnwm and Crandel?. (1970)^ llhls study also reviews the earlier studies* 
Using carefully selected sanqples of partial-seeing and seeing children, 
the investigators tested the following three hypotheses: 

(i) Partial-seeing and normal-seeing children with similar mental 
ages and chronological ages do not differ significantly in sound dis- 
crimination ability* 

(11) Bartlal-seelng children who vary in degree of visual acuity 
do not differ In sound^dlscrimlnation abili1y« 

(111) Farilal<*6eelng children show no significant differences in 
the relatlonaWLp of sound-discrimination ability to chronological age^ 
mental age and tactile kinesthetic ability. 

The null hypothesis was not. rejected by the data for any of the three 
hypotheses^ and the authors concluded that the 'Vi^yth of sensory ccm* 
pensation" is thoroughly imsupported. " 

In this study, sound-dj.r;crimination ability was meetsured by Form A 
of the Irwin Sound-Discrlminetion Otest, which consists of 30 items of 
word pairs* TbB pairs differed most by a single phoneme, aud the subject 
was required to respond "same" or "different." The test is scored by 
counting the correct responses to the pairs c The partial-seeing children 
had a mean score of 19.7 with a standard deviation of 6*9, and the normal- 
seeing children had a mean score of 20ol with a standsird deviati^m of 6o2. 
It is clear without any statistical tests -ttiat these data do not represent 
samplings frcm significantly different populations and the null hypothesis 
is not rejected* 

In considering the English comprehension of blind students^ attention 
has been given especially in recent years to their ability to comprehend 



rapid speech. The objective is to use rapid speech to increase input Iqr 
two or thi'ee times the rate of Braille reading. Foulke^ Anster, Nolan 
and Blxler (I962) meaBured the listening comprehension of 291 Braille 
readers of hoth sexes in the sixth, seventh and eighth grades of 11 resi- 
dential schools for the hlind. None of these students had previously 
heen exposed to rapid or ccmpressed speech. Ifeterials were presented 
at rates of 175> 225, 275 and 525 vords per minute. A 56-item multiple- 
choice test was conducted to meeuBiire comprehension. It was found that 
the comprehension level was satisfactory for the compressed speech. In 
particxilar, no loss of ccmprehension of either scienti/lc or literary 
material W8U5 found in listening to compressed speech of up to 225 words 
per minute. The authors contrasted this to typical recording ?/ates of 
175 words per minute and the mean Braille reading rate for high-school 
hlind students of ahout 90 words per minute. In the case of scientific 
materials they found that there was no significant loss of ccmprehension 
through 275 words per minute. 

The st\:dies on sensory ccmpensatlon and rapid speech suggest that 
there, is no ea0y road to educating hlind children^ i^en the normal mode 
of taking in information is so heavily dependent on printed texts. Many 
cognitive deficits of hlind children are almost certainly due to this 
relatively simple fact of not h-vlng an alternative Input channel that 
can match the rate of visual processing, and thus they are "information* 
poor," deprived in the qiiantltatlve sense of the amount of information 
transmitted to them. 



1.2. Mentally Retarded Children 

In spite of the great interest in language development, it is sur- 
prising that in the first five the International RevievB of 
Research in Mental Retardation cu^oed by Ellis not a single major article 
vas devoted to language skills or language development of mentally re- 
tarded persons. However, seme excellent reviews of language and language 
development in mentally retarded persons exist in the Journal literature j 
especially noteworthy are the reviews by HLoxuit (1968) and by Spreen 
(1965, 1966). The second article by Spreen deals with higher language 
functions and will be referred to in the discussion of abstraction and 
concept formation* These three articles provide extensive references 
to the literature, and I shall not duplicate their extensive bibliograjpt^r 
here. These review articles do not cover the recent linguistically 
oriented work on language in retardates, and consecLi^ently I shall empha- 
size this newer literatoare. 

ELoiant (1968) is particularly concerned with language in the more 
severely retarded, meaning by this persons Vith IQs below 50 and with 
a mental age range of 2 to approximately 8 years, and I want to mention 
briefly sane of the more interesting studies he summarizes. Karlin and 
Strazzulla (1952), lyle (l96lb) and others find that the more severely 
retarded are delayed in their language development, but follow approxi- 
mately the same sequence of development as do normal children. A natural' 
comparison has been the language development of institutionalized and 
noninstitutionalized matched pairs. A number of studies have found 
better performance on the part of the noninstitutionalized children 
(Iflrle, 1959, 1960a, 1960b, 1960c and 196la; Schlanger, 155^)- On the 
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ather hand, Mueller and Weaver (iSSk) found opposite results, Ttiey found 
the ability of institutionalized, trainable mental retardates superior 
to that of day-school retardates of matched characteristics In terms of 
IQ, chronological age, sex and race. They used as their Instrument the 
IllinolB Test of Psycholinguist ic Abilities. 

A major study by Lenneberg> Nichols and Rosenberger {196k) examined 
over a period of three years the language development of Mongoloid children 
ranging In age from 5 to 22 years. The IQs of the children ranged from 
the 20fl to the 70s. Their major findings vere: IQ does not predict the 
stage of language development but chronological age doesj a significant 
relation exists betveen motor development and the onset of language^ 
although the rate is much slower, language development in Mongoloid 
children is similar to that in normal children; some Mongoloid children 
are able to process syntactically complex sentences. As might be expected, 
these authors used their results to defend the general proposition that 
language development is not closely related to Intellectual ability, 
but rather It is more closely related to general biological processes 
of maturation. As with most general hypotheses of this kind, the data 
are not presented in a fashion that t>ermlt8 a sharp statistical evaluation 
or quantitative assessment of the degree to vhlch the hypothesis is actually 
supported. For example, there are no statistical analyses of alternative 
hypotheses, and thus there is not even a rou^ idea of the etatistical 
power of their data relative to their hypotheses. 

In contrast to the study of the language of blind children^ a number 
of higpily specific linguistic studies of the language of retarded children 
are to be found in the literature. Lovell and Bradbury (1967) studied 



l60 children aged 8 to 15 Indnslve* Their three hypotheses vere: 
(i) the ability of these children to inflect, derive and analyze compcomd 
words Improves little between 8 and 15 years of age and is generally be- 
low that of normal first graders; (51) there is a significant relationship 
between reading level and the ability to inflect lexicon words; (iii) there 
is a significant relationship between IQ and the ability to inflect nonsense 
words, but little relationship between reading attainment and the inflection 
of such words* The data confirmed all three hypotheses. 

Graham and Graham ( 1971) studied the syntactic characteristics of 
the speech of nine retarded children with chronological ages ranging 
from 10 to l8 years and mental ages ranging fran 5 years 6 months to 
10 years. Their data supported the hypothesis that non-Mongoloid re- 
tardates develop language at a different rate but in approxltnately the 
same way as normal children* 

Semmel, Barritt, Bennett and Perfetti (1968) undertook a grammatical 
analysifl of word associations of educable mentally retarded and normal 
children. In studies of the langtxa^e development of normal children 
it has been found that as they get older they tend to increasingly give 
associations to stimuli falling within the seme grammatical form class 
as the stimulus. These inveetigatox^s found the hi^fjst level of such 
form-class responses In the dlder normal childi'en and the lowest inci* 
dence of such responses in the institutionalized retardates. 

Cartwright (1966) studied the written language abilities of educable 
mentally retarded inecmparlson with normal children. His subjects were 
80 12- through 15 -year- old eduoable mentally retai^ded and l60 8- through 
15-year-old normal chiltlren. Comparisons were made on the following 
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langiiage measiires: composition length, sentence length, type-token 
ratio, percentage of \isege of different parts of speech, grammar and 
spelling. The normal children x>f the same age had significantly higher 
scores on all these measTires* Younger normal children^ aged 8 through 
U, obtained significantly higher scores than the educable mentally 
retarded group on three of the measures, namely, type-token ratio, 
graimnar cuid spelling. Hie absence of difference in sentence length is 
significant, considering the extent to which mean utterance length is • 
currently used as a measure language development by a number of 
psycholinguists. 

One of the more extensive studies of the spoken vocabulary of 
retarded children has been made by Beier, Starkweather andlambert 
(1969). They interviewed 30 retarded children and recorded 2700 words 
fran each. The approximately 80,000 words of output were analyzed and 
compared with the output of normal children. Tliey found differences 
in the word lists, but a large number of similarities in performance 
of the retarded and normal groups. They interpreted their overall find- 
ings as supporting the assumption that mentally retarded children suffer 
from a conceptual and organizational deficit in their language usage* 

These various studies show that even if the sequence of language 
development is similar in nonnal and retarded children, most cognitive 
functions of language are less developed in retarded children. But it 
is not yet clear if the deficit is most pronounced in the primarily 
cognitive aspects of language. Much better and more detailed data on 
the Impact of training would also be most desirable, for example, the 
rate of acquisition of new words, the rate of Improvement in spoken and 
written grammar. 
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Reading* Several good etudlee exist on the particular deficiencies 
of mentally retarded children in reading. Dunn (1$5^)> for example^ 
compared 20 retarded hoys vith 50 normal students of ccmparahle gehei*aX 
mental age* He used a ttumher of the standard hatter^y of tests to meftdxil'e 
i»eading achievement and fo\md that the retarded group averaged one y«B2* 
below the normal group of comparahle mental age. In reading errors, 
the retarded group had more faulty voxels and sotmd emissions* AXdo 
they made less use of context clues* More significant, howevex*, Vai9 
the lack of differenced between the two groups In frequency of fa\JtLty 
consonants or in t^oi'd reversals* In addition, no significant diffet** 
encee were found hetween the groups on handedness, eye dominance Oi* tolxed 
latearal donlnance. Becauoe of a sdmilar finding in othef studlefli It is 
Worth notme that more personal-social maladjustments were found in tha 
t'etardcd group, on the hasis of teacher ratings* 

Hagland (1964) obtained results similar to Dunnes* Be Van (^onoei^ned 
to Investigate more thorou^ily \fby educable mentally retarded children 
lagged 1}ehind the reading achievement that would be predicted frctt their 
mental a^«s* Using the Illinolf ftst of Psycholinguistic Abilities, 
he found that the retarded readers scored significantly lowter than 
iionrstarded readers on the Auditory Vocal Automatic Subtest f In this 
literature this is called the autcftiatlc sequential level* l!he autciiiatic 
Stt^vtential responses have been noted to be deficient in retardates in 
a ntsnber of studies using the Illinois test* Results rather similar 
to Bagland^s were also found by Kass (l962), in an unpublished doctoi^al 
dissertation* What is significant about Ragland^s conclusions, as veil 
as those of other Investigators with similar results, is that the rtading 



difficulties of retarded children seem to reside at the nonmeanlngful 
automatic level of responding rather than at the meaningful level* 
Thaee results seem rather 0\xrprlslng, for it would be natural to conjec- 
ture that the problem of \inderstai.. ^ng meaning would be the main souz-ce 
r\ of difficulty. It would be desirable to have more detailed quantitative 

data on these matters under strictly defined learning conditions • It 
does suggest a very fruitful area of research. 

A number of other studies on tiie reading difficulties of retardates 
are to be found in the literature, although I shall not attempt a wider 
review. One does come away" ffom this literature with the Impression 
that much more qmntltatlve research should be undertaken in this area. 
Most of the studies use at the most relatively simple statistical tests; 
in many cases, even simple measures of this kind are missing. Detailed 
leaming-thecretlc studies with clear underlying theoretical asBianptions 
about learning would seem to be called for in this significeint area of 
training of retardates. The excellent studies of discrimination learn- 
ing and paired-asBociate learning by retardates that lie outside the 
field of this review do not easily generalize to more complex problems 
like those of reading. However, the methodology of those studies^ which 
is in many cases at an excellent level, needs to be brou^t to the study 
' of teaching the retarded child to read. More is said about these matters 

in Section 2# 

I have reported a number of different kinds of studies about the 
language development and language usage of retarded children* It is 
clear that we are still some distance froa having a systematic and 
comprehensive theory of these phenomena. Perhaps the central issue 
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of a theoretical nature is vhether the language development and \iseige 
of retarded children can be treated as (lualitatively similar to that 
of normal children^ but at a slower rate of development* This Is the 
theflls of Lenneberg and other biologically oriented linguists* tsy- 
chologlots concerned with the development of cognitive skills in con- 
jtattctloil with the developsaent of Isuigiiage are probably Inherently more 
skeptical of this thesis and have performed a number of studies to place 
it in doubt* As indicated by the conclusions of several of the studies 
summarized above (Lovell & Bradbury, 196? j Semmel et al*^ 1968; Cartwrl^t, 
19681 Beier et al*, 19^9)^ vhat is needed is a more precise definition 
of tjhat is to be Regarded as the central core of language development 
as opposed to the development of broad cognitive skills and knowledge* 
It id also clear that although a number of studies have been per* 
formed on language training of retardates> much more is to be learned 
In this area* Ad yet, no extensive studies of lang;iage learning with 
an emphasld on'th^ learning of syntax and semantics are available* It 
would be interesting to compare at a more abstract and systattatid level 
the ptfoductloh grammar and senfantlcs of i-etarded and normal childi^en* 
l!h« methodology for such studies is exemplified in the study of the 
speech of ndrmal children in Smith (1972) and Suppes fl970> 1971)* It 
is my Judfjnent that this would be dne of the most salient areas tat future 
research of significance for the language training of retarded children* 

1*5« Deaf Children 

The problem of language deficits In deaf children has receivtad 
more attention than any Other cognitive or educational conponent of 
the competencies and skills of deaf children* Cctnpetence in a standard 
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natural langiiage is the outstanding defect and protlem of deaf persons. 
The magnitude of the defect In general varies directly vlth the magnitude 
of hearing less and with the age of hearing impairment. These facts are 
well known, and I shall not review the data here. Studies of the language 
performance of deaf persons naturally fall Into three parts f production 
and comprehension of spoken language, production and comprehension of 
written language, and production and ccmprehenslon of manual or sign 
language. Dlsc\isslon of the hotly contested issue of whether deaf 
children should he taught manual cajmunlcatlon or oral conmmication 
l8 given helow. 

Concerning the initial vocalizatione of infants in the acquisition 
of spoken language, Lenneberg, Rebelsky and Nichols (1965) did not find 
significant differences hetween deaf and hearing Infants during the 
first three months of life. The evidence seems to be that deaf children 
continue to develop a normal pattern of vocalizations (babhllng, crying, 
cooing, etc.) vrntil about six to nine months of age. 

When we turn to older children, the number of studies on the spdkeh 
speech of deaf children is small. In their extensive survey of the language 
skills of reading and writing in deaf children. Cooper and Rosensteln (I966) 
indicated that they were able to find only a few studies concernijig the 
spoiken language of deaf children, and they excluded a sun.'ey £6r this 
reason* Six y^ars later, eb the writing of this article, the situa-Sion 
still seems to be true. There are a few studies of the spoken r?yntax of 
hard- of -hearing and deaf children, fcir exainple, Brannon and Hatty (1963), 
but the number of studies is small, and the extent to which th6 studies 
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pursue the syntactic or Semantic structure of the spoken speech Is still 
tmsatlsfactory* 

Brannon and Murry compared groups of hearing vlth hearing- Impaired 
children in their oral as well as written responses to colored pictures. 
The responiSes were evaluated hy Use of Jfyklehuet*s Picture Story Language 
Test* As might he expected> they found that as the hearing loss increased, 
the ahility to camnunlcate orally decreased* More interesting is their 
finding that although the deaf were inferior in structural accuracy; they 
were not inferior in productivity. Also, corresponding to other findings 
in the literature, the deaf children hegan and ended their sentences with 
relatively fev errors compared with the large number of errors occuz^ring 
in the middle of sentences. Further, the inflectional patterns of English 
wire not used extensively by the deaf J they tended to use kernel sentences 
more than did norma}, children. 

The evidence of a paucity of studies of spoken language is reinforced 
by Quigley*8 (19^6) excellent review of language research in countries other 
than the UAited States* He reported few studies of a research character 
dealing tdth spoken speech* He did mention Linder^s (1962) study of the 
dpeech rates of deaf children and etoomarized Linder's finding that in 
spite of the considerably slovex* sjpeech rate of the deaf children only 
the voice sounds ii^re lengthened* In addition, the length of syllables 
shovd les* variation In the pronunciation of deaf children than in the 
pronunciation of adults with nontel hearing, lainghammer (1961) compared 
the i*ecorded. spi -^h of ten normal^ blind and deaf persons and had their 
speech Judged by listeners in various areas. In comparison with the t^lind, 
the deaf did not do very veil* Apparently the \m\i8ual features of deaf 
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speech to normal ears were an immediate source of difficulty for normal- 
hearing listeners. The other studies reported by Quigley are of a similar 
character, i.e., they are not linguistic in character, and it is only 
recently that we could anticipate really substantial linguistics studies 
of the spoken speech of deaf children. But, apart from those concerned 
Vlth comparison of oral and manual methods of canm\inication> vhlch is 
discussed below, I have been unable to find aiiy published studies* 

The extensive studies of the written-language competence of deaf 
persons reported by Cooper and Rosenstein (1966), and since then by a 
number of other investigator s> are too numerous to review in depth* A 
few general conclusions drawing on the summary of Cooper and Rosenstein 
are the following. First, deaf children have been found to be slgnlf i«* . 
cantly retarded in their achievement test scares in terms of reading or 
writing* Their written language typically contains shortex* and dlmpler 
sentences and displays a different distribution of the parts of speech 
from that of normal-hearing children. It is also true that the kinds 
of errors they exhibit are different from those fo\ind in normal-hearing 
children and their speech has qualities of rigidity and stereotyping 
not characteristic of the written language of normaJ'.-hearlng children* 

In th6 last few years Quigley and his associates at the University 
of Illinois have been extensively sttidylng the written language of deaf 
children* For ex£uitple> Marshall and Quigley (1970) analyzed (in terms 
of what are called in the literatux'e) minimal terminal syntactic xmlts 
or t Units In order to measure ccmpai^atively the syntactic ccmplexlty 
of various samples of deaf speech; other measures of cauplexlty were 
used as veil* For instance, they used a subordination index> apparently 
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first introduced by Heider and Helder {l9kQ), vhich is the ratio of verbs 
in subordinate clauses to the total number of verbs in sentences. Essen- 
tially this measure determines the extent to 'vdiich subordinate clauses are 
employed in the construction of sentences # ^fe^shall and Quigley found that 
growth in complexity of the written language of deaf children is due mainly 
to the use of increasingly complex noon phrases and only slightly due to 
more complex verb phrases* 

As in the case of spoken speech^ there do not seem to be any detailed 
empirical studies of the complete syntax of samples of deaf speech* ]^ 
"complete syntax'* I mean the construction of e generative grammar for 
large samples of such language. ScMe preliminary efforts to construct 
probabilistic generative grammars in the sense of Suppes (l970) for samples 
of written deaf language have been undertaken in our Institute by Dr$ Robert 
Smith, but this work is as yet unpublished. 

Sign language ft In Just the last few years there has been an intensive 
spurt of interest in the graimnar of sign language, but interest in sign 
language has a history that extends back hundreds of years. Important 
Btvidles during the past decade are those by Stokoe (1960^ 197l)^ Stokoe, 
Casterline and Croneberg (1965) and McCall (1965)* Detailed studied of 
the grammatical structure of sign language have appeared quite recently 
Of ©re still in the process of bein^ published* I mention here Battison 
(l97l)i >Aio studied the relationship between signd and their reference 
but did not work out a ccmplete daonantics* Ftetnt (1972) looked at the 
differences between American 0lgn language and English fVcm a syntactic 
standpoint* He characterized the idyntax of sign language as resembling 
8hort> simple Einglish sentences, but again an explicit generative granBuar 
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has not been constructed. Schlesinger (1970) studied Israeli sign lan- 
guage and' the relation of the syntax of that language to the existence 
of language xiniversals. Quite recently Bellugi and. Siple (1971) and 
KLlma and Bellugi (1972) made psycholinguistic studies of the use of 
sign language, especially in the language development of young children. 
Still missing in this research is a formal generative gramnar that en- 
ccxnpasses a high percentage of the utterances in standard communication 
situations as veil as any attempt at a systematic semantics* However, 
the absence of semantical analysis is generally true of the language 
studies reviewed here and is not peculiar to those concerned with sigii 
language. 

Schlesinger and Meadow (1971) studied the acquisition of sign lan- 
guage hy four congenitally deaf children and concluded that the stages 
in the acquisition of sign language are ahout the same as the stages in 
the language acquisition of heai^ing children. Similar conclusions were 
reached hy Bell\agi (1970) and (Earvoort and Verheck (1967)» I emphasize, 
however, that the data in these last studies on acqiilsition lack the 
kind of rigorous analysis characteristic of the "best stiidieei of handi- 
capped children, for example, the st\idies of associative and discrim- 
ination learning in retarded children. 

Manual vs. oral . As already noted, the really intense controversy 
in the language of the deaf has heen over the relative advantages of 
manual versus oral communication, not only in schools hut starting from 
the earliest age of the child. While it is not appropriate in this re- 
view article to take a position on this controversy, I do vant to refer 
to some of the studies, especially this more recent ones. Much of the 
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controversy has been marked by strong expressions of opinion rather than 
by skillful and objective experimentation and analysis of resiilts. It 
is hard to think of an area in which really careful and extended experi- 
mentation woiald be of more use, for there is a long tradition of support 
of each position ♦ Until recently, the oral position was probably the 
dominant one, but in the last few years there has been an increasing 
interest in and respect for what has been achieved by manual methods 
beginning with the very young Aild* 

The studies I review here draw upon the recent report by Bonvillian 
and Charrow (1972). Alterman (1970) reviewed the two positions and 
found no basis for the claim that oral skills are necessary for adjust- 
ment to hearing society^ that usage of the sign language makes learning 
standard natural language more difficult, and that early exposure of^ 
the deaf child to parental spoken speech is beneficial* All in all, 
his argments make a case for early manual training* Tervoort and 
Verbeck (196?) foxind no correlation between early manual training and 
progress in speech training* Montganery (I966) found that learning sign 
language does not negatively affect speech or speech reading skills. 
Hester (I963) found that manual finger-spelling deaf students were 
superior to an oral group of deaf children on standardized achievement 
tests* Stevenson (iS^k) examined the educational achievement of children 
who had leaa*ned sign language versus an orally taught group and found the 
manual grorup superior in 90 percent of the matched pairs* Stuckless and 
Birch (1966) compared 105 deaf children ^0 were taught sign langmge 
and whose parents were deaf vith 537 matched deaf children who were 
taught orally and -vftione pai'ents were normal-hearing adults. They 
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found the manual group vas better in speech reading, reading and somevhat 
better In psychosocial adjustment. They found no differences between the 
groups In speech. Meadov (1968) reached slailar conclusions and also 
found that the manual group did scmewhat better in elementary mathematics 
learning. 

To avoid the possible confounding in the Stuckless and Birch study 
of having deaf parents in the one group and hearing parents in the other, 
Vernon and Koh (1970) studied subjects with a family history of genetic 
deafness. The manual and oral groups- vere matched for IQ, sex and age 
and were examined on the vaxlables of- educational achievement, communi- 
cation skill and psychological adjustment. The investigators found that 
the use of early manual communication produced better overall educational 
achievement. Including better performance in reading skills and vrltten 
language. Similar concluaions from groups somevhat differently selected 
vere also obtained in a later study by Vernon and Koh (l97l). 

The findings JuBt cited, together with those cited above about 
the apparent parallel between the acquisition of sign language and the 
acquisition of English, do seem to call for a thorough reevaluation of 
the oral position in the language training of deaf children* 

Hie studies reviewed by BonviUlan and Charrow and cited here ob-* 
vlouflly favor the manual approach. The results of some of these studies 
are impressive^ but there are also seme impressive gaps* We do not have, 
for example, detailed learning studies comparing language acquisition 
rates for the two methods, and the evidence of substantial success using 
either method with average deaf children is still unsatisfactory. 
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That a positive correlation exists between deafness ani other dis- 
abilities is well known. However, the acquisition of language by deaf 
children, who exhibit additional handicaps such as brain damage causing 
language disorders and motor disorders, has not been examined here. A 
good review of the literatxare on these matters may be found in Withrow 
(1966). 

Language comprehension . As has already been indicated, the most 
salient missing aspect of the analyses of the language of either deaf or 
retarded children is the absence of serious attention to the semantics 
of their language and the identification o: ^^^fects in semantics, either 
in terms of comprehension or production. The problems , of identifying 
difficulties of comprehension may be approached at many different levels 
of detail. The most satisfactory would offer a full systematic semantics. 

At this point I would like to give an example of some research con* 
ducted in the Institute on the written language conprehension of deaf 
students. This exaii5)le applies the kind of regression methods we have 
used extensively for the analysis of relative difficulty of exercises in 
•elementary mathematics (Suppes, Hyman & Jerman, 1967; Suppes, Jerman & 
Brian, I968; Suppes & Morningstar, 1972). The regression models considered 
were developed ani tested by Mrs. Jamesine Friend, who was Coordinator of 
the project in conputer-assisted instruction for deaf students in the 
Institute from I968 to 1971 • This example deals with the analysis of 
difficulties deaf students encounter in reading and following written 
directions. The directions occxrr at the beginning of the computer- 
assisted instruction coxrrse "Lang\iage Arts for the Deaf," ^ich was 
delivered to deaf students in residentieil schools and also to deaf 
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studenta in day classes using teletype terminals connected by telephone 
lines to the Institute's computer at Stanford. Seme examples of the 
directions are the following. I show In capital letters the question 
and the example to -which the question must be applied. 

2xanple 1 (frcm Directions Lesson l): 

// WHICH 3S THE FIRST WORD? 

SOME DOaS ARE FRIENDLY. 
Example 2 (frcm Directions I^esson 2): 

// WHICH WDRD OOMES AFTER "VERY"? 

MY TYPEWRITER IS VERY BIG AND HEAVY. 
Example 3 (frcm Directions Lesson 9): 

// WHICH LETTER COMES BEFORE "E"? 

SILVER 

Example k (from Directions Lesson l6): 
// TXPE THE lAST TWO LETTERS. 
MILLION 

Example 5 (frcm Directions Lesson 25): 
// TYPE OHE NUMBER HELOW k, 
2 7 

6 k 
8 3 

A number of structural featured in these exercises affect their difficulty. 
In this kind of analysis we identify the structural features independent 
of any response data from the students, so that typical structural features 
are syntax, number of vords, rtumber of characters, and so forth. Variables 
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of this kind have been used as structural features to predict the rela- 
tive difficulty of arithmetic word problems (Jerman, 1971j Loftus & 
Suppes, 1972; Suppes, Loftus & Jerman, 1969)* Mrs. Friend identified 
1^ such variables in the context of the laiiguage arts exercises on fol- 
lowing directions. The variables she tested are the following. 
Variable X^: 0 if the direction is imperative. 

1 if Interrogative. 
Variable X^: 0 if the direction is a simple sentence or a trans- 
form of a simple sentence. 
1 if ccmpoxmd. 

Variable X-: Number of key words in direction. ("Key words" 
distinguish one direction from another within 
the same lesson. In Example 1 above^ there is 
only one key word, "FIRST, " ^ereas in Example 5, 
there are two key words, "lAST" a I *'TWO.") 

Variable X^^: 0 if the position cue is named (as in WHICH lETTER 
COMES BEFORE "E"?). 
1 if the position cue is described (as In WHICH lETTER 
COMES BEFORE THE lAST LEITER?). 

Variable X^: Number of words in the instruction. 

Variable X^: 0 if direction does not contain "above," "below," 
"under," *Wore" or "after.'* 
1 If it contains "above," "below** or "under*" 
2. If It contains "before" or "after." 

Variable X^: Lesson number. 

Va3:'iable XqX Ordinal position of the exei^clse within the lesson* 
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Verlable X^: 0 if preceding exercise involved the scone task# 
1 if otherwise. 

Variable X^^^; Nmber Of elements (words, letters, CMinbers) in the 
stimulius display* 

Variable X^: 0 if there are no critical dlstractors, i.e., distract or s 
that would be correct responses if the direction from 
the preceding exercise were used. 
1 if otherwise. 

Variable X^^* Length of correct response (in characters)* 

Variable X^^: Number of distractors preceding the correct response. 

Variable X^^^: Number of characters in the stimulus display (spaCtJ not 
incsluded). 

Uiese Ik variables were applied to predict the mean probability of a 
correct response to each of 125 exercises in lesson pretests for a sample 
of sane 300 students. To be explicit, the regression equation is first 
transformed because in an ordinary additive regression probabUl-fy is not 
necessarily preserved, and we can get predictions of ategatlve probahilitles 
or probabilities greater than one* We have therefore customarily tised the 
tn OS formation 

log 1 - P. 

^ Pi . 

The regression equation then asstmes the following form in terms of 
the dependent vai'lable 
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The results of the stepwise linear regression are shown in Table !• 
Nine of the variables account for hk percent of the variance and the 

Insert Table 1 about here 

remaining five contribute little. (The scLuare of the multiple correlation 
2 

(R ) is a measxire of the percentage of variance accounted for by the 
model.) The most powerful variable is Xg, iSiich deals with the inclu- 
sion or exclusion of certain prepositions. The relative difficulty deaf 
students have with prepositions is well known emd familiar in the litera- 
ture. The second most important variable is X^y which deals with the 
number of distractors preceding the correct response. This variable 
corresponds closely to a serial position variable for the correct re- 
sponse. The other variables entering during the first nine steps of the 
regression, namely, variables X^, X^, X^^, X^^, Xg, Xq and X^^, 
each contribute scmething, but do not make the dramatic contribution of 
variables Xg and X^y 

Regression models of the kind just described are by no means a final 
answer to the theoreticail problems of language production or recognition 
on the part of deaf students. They do provide a good first entry into 
the detailed study of ccmprehension. Frcm the standpoint of constnicting 
cUrriculm they can be especially useful in providing a practical technique 
for creating items of a given desired level of difficxilty, for new items- 
questions or exercises—can be written such that they have specified values 
of the structural variables, and thus a predicted probabill-ty correct for 
a given reference population of students. 
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TABLE 1 

Step-wise Linear Regression for 125 Exercises on Following Directions 



Step 
number 


Variable 
number 


Multiple 


Increase 
p 

in R 


F value 
for del. 


last 

X^C D D J. QIl 

coefficients 


R 
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0 #37900 


0# 14410 




^yj . 1 J.VO 
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n 1 7QT n 


« CfJCXj 




D 


7 
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0.59090 


0.35629 




(\ PVIQ 
0 . cyjry 




h 

*r 


Q 


0.61200 


0.371^5^ 








5 ■ 


10 


0.61880 


0.38291 


0.00837 


1.6261 


-0, 0291*9 


6 


Ik 


0.62590 


0.39175 


0.00884 


1.7131 


0,00180 


7 


2 


0.62880 


0.39539 


0.0036!^ 


0.6907 


0.09375 


8 


8 


0.65500 


0.1^2903 


0.0336!^ 


6.81^37 


0.00531 


9 


k 


0.661^30 


0.U4129 


0.01227 


2.511^1^ 


0.03370 


10 


15 


0.66930 


O.W^796 


0.00667 


1.3822 


0.00102 


11 


5 


0.67070 


O.U498if 


0.00188 


0.3970 


-0.01215 


12 


11 


0.67130 


0.1^5061^ 


0.00081 


0.1502 


-0.00182 


15 


12 


0.67160 


0.1^5105 


o.oooi^o 


0.0735 


-0.00588 


lU 


3 


0.67190 


0.1^511*5 


o.oooUo 


0.0820 


0.00952 
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Perhaps the most Important feature of regression mc3dels is that they 
give an estimate of magnitudes of effect and not ixxat a significant rela* 
tionship between a given variable and the responses of students* Prom 
the standpoint of practical applications, a central weakness of many of 
the studies reviewed in this chapter is that they have been concerned 
to establish a statistically significant relationship between two vari- 
ables rather than to estimate the magnitude of an effect* The greater 
power of an estimate of magnitude of effect is evident and is especially 
Important for any practical applications* When large samples of students 
are tU3ed, ordinarily a statistically significant relationship can often 
be obtained, even if the actual effect of one variable on another is 
small* In the designing of educational programs, especiaJly the detailed 
articulation of remedial programs for handicapped students, methods that 
aim at main effects and have substantial consequences for learning of 
the students are of prime importance* For purposes of identifying such 
methods, regression models are more useful than the usual F tests and 
t tests* 

2* Concept Formation and Abstraction 

In this section I try to emphasize some of the critical theoretical 
issxaes, for in many respects the quality of the empirical studies on 
concept formation in handicapped children has exceeded the quality of 
the theoretical analysis of the redults* I emphasize in the discussion 
of retarded children the use of mathematical models to estimate Individml 
learning parameters, and in the discussion of deaf children the issue of 
verbal versus nonverbal learnixig and mastery of concepts* 
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2.1. Blind Children 

Zvelbelson and Barg (196?) reviewed some of the earlier literature 
and studied the concrete, functional and abstract levels of concept for- 
mation in blind children In comparison with sighted children. The sample 
was small (eight in each group), but carefully selected. The primary 
Instrument of. measurement was the Wechsler Intelligence Scale for Children. 
Using nonparametric tests because of the smallness of the sample, the 
investigators tested the hypothesis that the blind children would use 
as many abstract concepts as the sighted children, and they rejected it 
at the .05 level* The authors point out that their findings are in agree- 
ment with those of Hayes (19*^1, 1950), ^o found that blind children tend 
to obtain lower scores than sighted children on reasoning tasks, and tho0e 
of Rubin 11961^'), vtio found that deficiencies in concept formation in the 
congenitally blind tend to persist into adulthood. A detailed explanation 
of the source of these related deficits is not to be found in the llterattire 
and is not obvious. 

Juurmaa (196?) studied the cognitive ability structure of 228 blind 
persona by testing verbal comprehension, mental arithmetic, spatial ability, 
arithmetic reasoning, and memory. The results of factor analysis ehoVed 
that the differentiation of mental abilities vas not hindered by blindness 
as such. GBie analysis differentiated in a fairly standard fashion tile 
various mental abilities. A significant filling on the memory tests vafi 
that a larger portion of the variance of test performances 'of the blind 
(in comparison with sighted persons) was due to the memory for meaninftLess 
rather than meaningful word pairs. 
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Domino (I968) xised his nonverbal measure of kk problems, each con- 
sisting of a series of dominoes, In finding a principle of progression 
to study the Intelligence of totally blind adults* The subjects were 
50 male adults of chronological age ranging from 20 to k6 all totally 
blind from birth • As hypothesized by Domino, the test proved to be 
quite difficult for the blind subjects* The mean of 17.97 vas lower 
than the means obtained by fifth- (l8#68) and" sixth- (20.02) grade stu- 
dents in a previous study by Gough and Domino (I965). Dcmlno pointed 
out, however, that it was diffic\zlt to decide ^ther the resiats were 
due to retarded mental development on the part of the blind or to greater 
difficulty of the test forms vhen presented in tactile as opposed to visual 
form. The care with which this study was conducted and the data were 
analyzed points to the difficulties of making inferences about the rela- 
tive difficulty of concept formation tasks for blind individuals, vhen 
the concept task for almost all norma], subjects makes extensive use of 
visual cues. Unfortunately, the extensive literature on concept forma- 
tion in psychology, in the past 10 years has contained few tasks that 
are not defined primarily in terms of visual cues. A usefia area of 
research would be to study concept formation more extensively, rising 
cues from nonvisual modalitiee in comparison of blind and sighted persons. 
For example, many classiceLl experlinents on concept formation or identi- 
fication of geometrical shapes and sizes could be replicated almost 
without structural changes by using the tactile rather than the visual 
modality. 

It is a familiar story, and I shall not attempt to review the 
extensive literature, that handicaps are positively correlated. It 
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is difficult to determine the extent to -^ich a cognitive deficit exhibited 
in a study may be due to sensory deprivation alone in the case of either 
blind or deaf chilcxren. Useful results are reported in the following 
study. 

Cohen (1966) reported a study of 57 out of 66 children followed from 
birth in the Chicago metropolitan area. The significant point to report 
here is the hi^ correlation with other handicaps in the case of those 
children tAo were under I5OO grams at birth. Cohen reported that 85 
percent of the blindness within the group was caused by retrolental 
fibroplMia, which is primarily the result of overoxygenization of pre- - 
mature infants. (This is a common caixse of blindness among newborn in- 
fants in this coomtry.) He found that the significant relationship is 
that of mental retardation with blindness in those children who were 
xander I5OO grams at birth. In particular^ about 50 percent of those 
who were totally blind or had only light perception and who weifijbed 
under I5OO grams at birth had IQs below 70. None of the full-term 
children in the sample was so Impaired in terms of mental retardation. 

Cohen also gave the Wechsler Intelligence Scale for Children, and 
he found a lower than average performance for the vbole test on the 
conprehenfllon parts and a higher than average performance on the sub- 
tests dealing with digit memory^ A more detailed anal^is of the com* 
prehension items would be desirable to Identify more precisely lAmt 
cognitive deficiencies accounted for the reduction in scores. In Cohen's 
study, as in others of like natur- dealing with the use of standard test 
estimates, little attention is paid to the structural features of Indi- 
vidual items that ml^t be used to deepen the analysis of cognitive 
deficits. 
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Tillman (196?) did report extensive analysis of variance results 
for the Wechsler Intelligence Scale for Children for I67 blind children 
ages 8 to 12. The results showed that main effects of sex .and age are 
not significant. The main effect of subtests (information, comprehension, 
arithmetic, similarities, vocabulary and digit span) vas significant at 
the .001 level. 

In another article, Tillman and Bashaw (I968) reported a multivariate 
analysis of the Wechsler Intelligence Scale for Children, comparing blind 
and sighted children. On the basis of their results, which will not be 
reported in detail, the authors questioned the validity of this test, 
especially the verbal sections, when used with blind children without 
modification. 

2.2. Retarded Children 

There are a large number of relevant papers in the psychological 
'literature on concept formation and abstraction in retarded persons. 
I shall try to review only some of the more recent studies and to em- 
phasize at the end some of the theoretical issues that seem to need 
attention* 

An excellent review of the relative efficiency of concept usage 
by retarded and nonretarded children is to be found in Zlgler and Balla 
(1971); they reviewed eight major studies, which by and large equated 
the mental age of the retarded and nonretarded subjects. A couple of 
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the studies reported more than one experiment. The 19 experiments, 
-whose restilts are siimrnarlzed. Include the tasks of selecting three 
pictures that Illustrate a concept frcm a set of seven pictures, ver- 
•^allzlng a concept common to the three pictures, associative clustering, 
defining all words In an experiment, sorting cards in terms of sane con- 
cept, and selecting four pictures that Illustrate a concept from a set 
of seven using different types of concepts (perceptual, use and human). 
The performance of the normal and retarded subjects was about the same 
In 12 of the experiments, and that of the nonretarded subjects vas bettei 
In the remaining 7- 

StoUar results are reported In Blake and Williams (I968). Retarded, 
'r.ormal and superior groups of students vere canpared on their attainment 
of concepts by deduction, induction-discovery and induction-demonstration* 
When mental age was held constant, the groups did not differ in level of 
concept attainment. Also, for all three groups, deduction was the most 
effective, ^ile the two inductive methods were about equal in effec- 
tiveness. 

; An earlier study by Braun (1963) is worth mentioning because of the 
finding of a statistic€LLly reliable correlation between reading compre- 
hsnsion and concept formation. He found, furthermore, that the relation 
between concept fonnation and reading comprehension was significantly 
<=-;rDnger than the relationship between IQ and reading ccmprehenslon. 
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''J!he task he used in his experiments required the subjects to identify a 
concept represented in each of a series of cards • 

A study of Hermelin and O'Connor (1958) supports the somewhat sur- 
prising results on langiaage that in many cases retardates show deficien- 
cies not et the level of meaningfulness, hut at the level of automatic- 
sequential performance • They found that 20 institutionalized children 
with mean IQs of ^i0.7 did "better in a concept task utilizing classifica- 
tion and quantity concepts than they did in a rote learning series. Ex- 
plicitly, the subjects were presented with a series of pictures and were 
rewarded upon selection of the correct picture. In the rote memory series 
the pictures simply consisted of random items. The third series utilized 
pictures containing items of class and quantity, and it was in the latter 
series that performance was tetter* 

Elajn (1962) utilized 2l6 subjects: 72 normal subjects at the junior 
high school level who were slightly above average, 72 normal fourth- and 
fifth-grade students, and 72 retarded students with an IQ range between 
50 and 80. These were compared on similarity-difference problems under 
a variety of stiniulus-response and reinforcement conditions. Elam reported 
that aside from their lower performances, the retarded subjects reacted to 
the experimental variables in much the same way as the normal subjects did. 

A recent study of Blount (1970) found no significant difference 
between retarded. and normal subjects on a concept-usage task made up 
from familiar items. The task required choosing the three of five 
pictures that went together, as we32 as giving a verbal label for the 
exemplified concept. The only superior aspect of the nonretarded subjects* 
performance was in their verbal labeling of the concept. Jones (l97l) 
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studied the feasibility of educable mentally handicapped children learning 
simple schemata exemplified in stimulus patterns on checkerboards. While 
the results were positive, they were not compared with a control group of 
normal subjects. 

As some of the studies just mentioned indicate, it is especially in 
the areas of language control and verbalization that retarded persons 
show the greatest difficulties. Milgram and Furth (I962), following 
on Furth 's earlier work, with deaf children, showed that retarded children 
perform more poorly in the discovery and application of a language-relevant 
concept, but perform as well as normal children in solving problems that 
depend only on perceptual rather than verbal modes of solution. 

Similar results were obtained by Milgram (1966). To compare normal 
and retarded children, subjects were shown 18 sets of seven cards pic- 
turing common objects, three of which belonged to a conceptual class by 
function, material, situation or shape. They were asked which three 
"go together." In Task II the three correct cards in each set were 
readministered and subjects were asked to say in what xraiy "these three 
go together." There was no significant difference between normal and 
retarded children on Task I. There was a significant difference on 
Task II, \^ich required a verbalization of the relevant concept. 
Stephens (1968) has studied the types of errors retax-ded children make 
in attempting verbal labels in order to get a better xmdcrstanding of 
what their difficulties seem to be, or, to put it another way, to identify 
more precisely the linguistic deficiencies of retarded children In con- 
cept tasks • His findings indicated that a higher percentage of errors 
by retarded children, in comparison with those of normal children, are 
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either no response at all, or responses that are eniJUierative rather than 
conceptual in character. 

In a comparative study of learning and problLem solving in retarded 
and normal children, Miller, Hale and Stevenson (1968) found that vhen 
the two groups were equated for mental age, no significant differences 
were found in paired-associate and discrimination .learning, but the 
retarded children did markedly poorer than the normal children on tasks 
involving the concept of conservation, the concept of probability, verbal 
memory and anagrams. As the authors point cut, the study pro; Ides further 
evidence of the difficulty retarded children face with complex tasks in- 
volving verbal processes, 

Cawley (1970) studied verbal problem solving among educable mentally 
retarded children with differing IQs. As might be expected, children 
with higher IQs outperformed childi^en with lower IQs, but the problems 
dealing with existential quantification, euperordinate set identification 
and the inclusion of extraneous information were difficult for all the 
subjects and provide further evidence of the central difficulty of verbal 
processing for retarded children. 

A widely accepted generalization is that retarded children 
equated in mental age with normal children have greater diff icxilty 
with abstraction, and a nmber of experimental studies with reasonable 
controls support this ge* ^alization. I shall not review that litera- 
ture here but refer to some of the better-known studies: Halpin, I958; 
Jones and Spreen, 19^1; Kerstvedt, Stacey arid Reynolds, 193k; Prothro, 
19^3; Rosenberg, 1965* What is important, however, is to emphasize that 
the differences between normal and retarded students, especially those 
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eqmted for mental age, cannot simply be assigned in terms of abstract- 
ness or complexity, as the studies reviewed above about language indicate. 
If a single generalization were to be made, it v/oiad be that verbal per- 
formance rather than abstraction as such is the critical deficiency of 
retarded persons. 

As has already been indicated, it is beyond the scope of this article 
to cover the extensive lite dture on learning in retarded children; however, 
the excellent review of these matters by Estes (1970) raises a number of 
issues pertinent to cognition as well. (An excellent older review of the 
research on learning in mentally retarded children is Denny, 196k.) Estes 
devotes a number of pages to reviewing the Zeaman and House (1965) two- 
stage attentional model for discrimination learning, which Is applicable 
to concept identification and, if not in principle at least in practice, 
to some concept-formation tasks. The Zeaman and House work is almost 
unique In being one of the few cases in which a theoretically detailed 
set of assmptlons has been applied to problems of concept formation or 
iden*.j.flcatlon in retarded children, for example, in color-form discrimina- 
tions. The two stag63 In their model represent an attentional process and 
a learning process. 

What Is surprising and almost paradoxical In the theory is that the 
main differences In learning for subjects of different mental ages are 
reflected In the initial attentional process, \hich primarily consists 
of learning to attend to the correct or relevant dimensions of a prob- 
lem* Very small differences are reflected In the learning of the appro- 
priate associations once the proper dimensions are attended to. In one 
analysis, for example, groups of children with mean mental ages of 
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2 years k months and h years 6 months^ respectively, were compared. The 
curve for the higher group rose steeply from chance to nearly 100 percent 
correct responses over about kO trials. The curve for the lower group 
differed only in that it hovered around the chance level of 50 percent 
correct, responding with no obvious trend for about l80 trials before 
beginning to rise. Then, like the curve for the higher group, the trend 
rose steeply to virtually 100 percent correct responses over about kO 
trials. 

Backward or Vincent learning curves were used in this study to 
detect learning trends (the theoretical reasons for using such curves 
are set forth in detail in Suppes & Ginsberg, I965). As Estes points 
out, it is hard to accept that the only differences in learning of re- 
tarded children can be identified simply as the probability of attending 
to the correct dimension. Since the attentional function is a probabilistic 
function and stmis to one, this would mean that if the theory were pushed 
relentlessly, on some dimensions the performance of retarded children 
should be better than that of normal children, because they must have 
a higher probabiliiy of attending to these dimensions. 

In principle individual parameters can be estimated in the model, 
but in practice this has not been done. In fact, I have been unable 
to identify any studies of concept formation or identification in re- 
tarded students, or even for groups of subjects stratified according to • 
mental age, that actually work out models in sufficient detail to esti- 
mate in standard statistical fashion learning parameters for individual 
subjects. In view of the extensive work that has been devoted in mathe- 
matical psychology to the development of such models over the past two 



decades, it woiild seem especially desirable to push the detailed analysis 
of data by the application of such models ar^i the identification of various 
phases of learning at a more abstract level in terms of the estimation of 
parameters. It would also be interesting to then regress the estimated 
parameters for individual subjects or stratified groups of subjects on 
variables of mental age, chronologiceLL age and other features of overall 
performance. 

I conclude this subsection with a sketch of the kind of quantitative 
model I would advocate applying initially to concept -formation experiments 
with retarded children. The experiment with normal first graders on the 
concepts of equivalence and identity of sets reported in Suppes (I965) 
is fit fairly well by a one-element learning model. The assumption of 
the model is that each concept corresponds to a single stimulus pattern 
that is conditioned on an all-or-none basis to the correct response. 
5y assming a beta distribution for individual differences in the con- 
ditioning parameter c, more, exact and qmntitative conparisons between 
normal and retarded children could be made by estimating such beta dis- 
tributions for the two populations. It would be anticipated that in 
many studies the mean for the beta distribution of the retarded children 
would be significantly lower than that for the normal chl'^dren, but the 
overlap In the two distributions, as well as in the scatter plots of the 
individual estimated parameters, would provide information to deepen 
our summary view on the differences and cimilarities of the two popula- 
tions with respect to' different conceptual tasks. As I have emphasized 
before, the estimated magnitude of the difference in the two distributions, 
not the mere existence of a difference, is what is needed, both for deeper 



theoretical developments and also for consideration of practical problems 
of providing retarded children a differentiated, special school ciirricxiluni. 
Concept -format ion experiments with normal children but feasible for re- 
tarded children and relevant to the school mathematics curriculimi are 
reported in Suppes (I965) and Suppes and Ginsberg (1965). 

2.5. Deaf Children 

Excellent reviews of the literature on concept formation in deaf 
children have been provided by Furth (196^, I966, 1971). In the most 
recent of these reviews (Furth, 1971)^ 59 studies are listed and simi- 
marized# In view of the up-to-date character of this review and its 
accessibility, I shall not review this litera-^-^-^e, but rather, shall 
comment on seme of the issues raised by Furth and others. 

The fundamental !issue raised by Furth and many of the investigators 
whose experiments he summarized is the question of whether deaf children 
show a deficit in concept formation once verbal aspects of the task are 
removed. Put another way, in experiments that require no verbal compre- 
hension are there significant differences in performance between deaf 
and normal children? Even more than in the case of concept formation 
or identification by retarded children, Furth has presented persuasive 
evidence from a nimiber of experiments that there are often not signifi- 
cant differences. As he admits, however, the sittiation is not simple, 
and some contrary evidence can be cited. The important issue, however, 
is the role of language in concept formation. Here, it seems to me, 
Purth does not really make a strong theoretical point, because his 
analysis is concerned entirely with command of a standard natural 
language. As he points out, in letter recognition tasks and others. 
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the processes deaf children use are not clear. Process-oriented approaches 
to cognitive skills seem to argue strongly that some sort of language is 
being used intemanjr, even if the language is not that of the society 
in which the children live. 

Apart from the issue of the necessity of an internal processing 
language, two other remarks may be made about Purth^s position. The 
first is that it woxald be interesting to see what the performance of 
iesf children who xinderstand si; . language would be if sign langiaage 
were used to provide equivalent verbal instructions, or in the case 
of responses, to provide a medium for response by the child. There 
are of course seme difficxalt problems of methodology. If conparison 
with normal children is desired, as in most cases it is, then compara- 
bility of the two media of ccxmnunication is needed to judge whether 
a communication deficit exists^ The methodological problem is rather 
similar to the stvay of concept formation in blind children when con- 
cepts are transferred from the visual to some other sensory modality. 

The second remark concerns Furth^s discussion of logical reasoning 
and the claim from some of his own experiments that deaf children exhibit 
capacities that show only small deficits at most. The point is that the 
experiments on logical reasoning are all extremely elementary. More 
complex kinds of inference, even of the kind that can be given yoxuig 
normal children (ages 6 and 7 years, for example), are difficxat to test 
outside a verbal context. For example, in Suppes (I965), data on the 
intuitive inference capacities of young children are cited for the clas- 
sical forms of inference running from modus ponendo ponens to quantlfica- 
tional logic using universal and existential quantifiers and two-place 
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predicateB# The experimental items are all verbal in form, and it vould 
not be possible to give an exact parallel' in nonverbal fom# 

When ve turn to still more complex material requiring logical infer- 
ence, the situation is even more completely and more thoroughly Imbedded 
in a verbal context. I mention, for example, recent studies of the kinds 
of mathematical proofs given by college students in introductory logic 
courses (Kane, 1972; Moloney, 1972; Goldberg & Suppes, 1972). Here 
again, more sophisticated forms of reasoning csui scarcely be investigated 
in a nonverbal context. It seems to me that the real test will be not 
successful efforts to transform more sophisticated forms of inference 
into nonverbal contexts, because this seems prima facie impossible, but 
rather to test the ability to communicate and handle such inferences 
in sign language. These more developed forms of inference are not pri- 
marily auditory in nature but visual; for example, there is very little 
development of mathematical proofs in purely auditory fashion. 

Additional studies in support of Purth's thesis can also be mentioned. 
Vernon (I967) su2nreyed 35 research studies and came to the following three 
conclusions: there is no close relationship betwen verbal language and 
cognitive thought processes, verbal language does not serve as a mediating 
symbolic system of thought, and there is no relationship between concept 
formation and the level of verbal language development. 

Competence in abstraction of .deaf persons has in many studies been 
found closely linked to verbal functioning. For example, Oleron (1953) 
found the deaf deficient in nonverbal abstract functioning as determined 
by a sorting test, and he concliided that the source of the deficiency 
was the result of language retardation. On the other hand, Rosenstein 



(1959) and Kates, Yudln and Tiffany (1962) found no significant difference 
betveen deaf and hearing children in their ability to abstract or generalize 
vhen the language requirements of the experiment vere within the capacity of 
the deaf child. Stachyra (1967) found similar results in a study of 125 deaf 
pupils and a control group of 100 normal children in Lublin, Poland. Using 
picture tests of the kind described earlier, he concluded that the ability 
to abstract a concept from concrete objects or pictixres does depend on the 
development of verbal skills. 

Although I only cite a few of the studies here, the literature is 
large and the controversy is far from settled. Prom an educational stand- 
point the critical issue is one of discovering the best means of facili- 
tating the learning of concepts and abstractions by hearing- Impaired 
children. To vhat extent this can be done by extensive development of 
manual coramunica'sion as more abstract and systematic areas of knowledge 
are reached is as yet not clear. We badly need to Tonderstand better how 
successful we can be at teaching manual conmunication, with subsequent 
transfer to the use of a written natural language of a conventional sort. 
So far as I have been able to determine, the appropriate research stxxdies 
do not exist. 

3. Arithmetic SicHIs 

3.1. Blind Children 

The one extensive study of arithmetic achievement of blind chlldreii 
identified in the literature (Nolan, 1959) 8tu»lied the differences in 
achievement in computation among several achoola for the blind. The 
conclusions were interesting in the following respect. Nolan found 
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that the problems in achievement did not seem to stem directly from prob- 
"ems of mental ability, but rather they varied so lAuch frcan one school to 
another that they had to be accounted for in terms of social and other 
environmental variables. 

I have not been able to find any detailed studies analyzing the 
specific difficulties blind children encoxmter in arithmetic. 

5.2. Retarded Caiildren 

There are a number of studies deallrig with the performance in ele- 
mentary mathematics, and especially arithmetic, of retarded children • In 
terms of achievement on standardized arithmetic tests, Crulckt^nk (19^a, 
19^6b, 19U8a, 19U8b), Dunn (195^), Jones (I920), and Merrill (I92h) found 
that retarded and normal children do not differ much In arithmetic compu- 
tation, but Crulcksharik and Dunn found significant differences in i^je 
results of arithmetic reasoning tests. Crulckshank looked in more detail 
at the differences between the two groups and found that normal children 
score better than the retarded children on most types of arithmetic skills 
involving either reasoning, abstraction, exclusion of extraneous informa- 
tion, or using verbal information. 

KLausmeler and Check (I962) studied rntention and transfer in arith- 
metic ♦ The problems they dealt with concerned mainly the computing or 
"compilation" of a specific amount of money with the fewest number of coins. 
The average and above-average children used paper and pencil, but the re- 
tarded children were permitted to use actual coins. They found that vhen 
the retarded children were given an appropriate representation of the problem, 
in this case by means of actual coins, the normal, aiid retarded groups were 
able to retain and transfer arithmetic problem-solving abilities without 
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slgnif leant differences between the groups for periods of either 5 min- 
utes or 7 veeks. In a related study, Klausmeier and Feldhusen (1959) 
examined arithmetic learning and retention as related to school Instruc- 
tion for low-, average- and high-intelligence students. Although original 
acquisition scores vere different for the three groups, the retention 
scofres vere not significantly different. This lack of significance 
also held for a related transfer condition in the task. 

An excellent study to mention, in order to guard against too simple 
generalizations about the arithmetic skills of retarded children, is 
Finley (1962). Fifty-four mentally retarded children in special classes 
with IQs ranging trcm 5O to 75, mean chronological age of 13 years 7 
months, were compared with normal subjects of equivalent mental agej 
the nonaal subjects had IQs ranging frm 90 to 110 with a mean chrono- 
logical age of 8 years 9 months and were in regular classes. Three 20- 
itan tests were prepared and administered in weekly Intervals in the 
following sequence: concrete, pictorial and symbolic representation. 
Three hypotheses were tested: 

(i) Arithmetic achievement of retarded children is independent of 
the context in vhlch. the problem is presented; 

■ (ii) Arithmetic achievement of normal children is independent of 
the context; 

(iii) There is no difference between the arithmetic achievement of 
retarded and normal children of the same mental age in instrusaents of 
like context. 

Hypotheses (i) and (ii) were rejected; significant differences were 
found for both retarded and normal children. For the retarded children 



-U7- 

the concrete test items tended to be more diff Iciilt than either the 
pictorial or symbolic Items, although the difference did not reach 
statistical significance* For normal subjects the pictorial icems 
were significantly easier than the other two kinds* Hypothesis (ill) 
was accepted in the concrete cuid pictorial forms of the test, but was 
rejected for the symbolic form* Ihe reeul surprise is that llie retarded 
children performed significantly better than normal children of Hie same 
mental age on this test of computational skills* A possible explanation 
offered by Finley is that the curriculum of the retarded children was 
different, and because of their age their years of exposure to arith- 
metic were considerably greater* 

Some studies have tried to apply Piaget^s developmental sequences 
to the development of number concepts in retarded children and adults* 
Such studies are still in a preliminary state and wooald seem to require 
more extensive and detailed data analysis* An example of work in this 
area is Woodward (1961), lAio considered one-to-one correspondence and 
ectuivalency of sets, as well as seriation and conservation of continuous 
quantity* She found that the performance of retarded adults whose chrono- 
logical age was 19 and retarded children idiose chronological age was 12*9 
was at about a level similar to an average normal child of from If to 7 
years* 

Considering the practical value of educable retarded persons learning 
elementary arithmetic skills, it is evident that more extensive and de- 
tailed research is needed on the problems and potentialities of teaching 
them arithmetic* The extensive use of computer facilities as described 
in the next section in the teaching of arithmetic to deaf children could 
also be exploited to advantage in ttie teaching of arithmetic to retarded 
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children* Such settings would provide not only practical opportunities 
for intensive teaching, but also opportxinltles for xinderstanding In a 
much deeper' vay the actual course of learning of arithmetic skills in 
retarded children* The detailed regression models and still more spe- 
cific automaton models tested in Suppes, Jerman and Brian (I968) and 
Suppes and Momingstar (1972) seem suitable for application* 

3.3* Deaf Children 

I have been able to find no detailed studies dealing with the mathe- 
matical abilities of deaf students beyond the skills of arithmetic. Var- 
ious reports show that deaf students have a grade-placement deficit on 
arithmetio achievement scores ( computation, concepts and applications) 
relative to their chronological age, and data show that their rate of 
progress in any given year of school is usually below the average for 
normal children* 

Apart from data on achievement tests, I have been able to find few, 
if any, studies providing a detailed profile of arithmetic skills in deaf 
children* For this reason, I have decided to devote this section to re- 
porting sane of the extensive data on the arithmetic performance of deaf 
children we have collected in our Institute at Stanford over the past 
several years* As far as I can determine, the data I report here, which 
are being analyzed with Lindsay L* Flannery and will be published in de- 
tail else^^ere, constitute the largest body of data on specific arith- 
metical skills of deaf children yet analyzed* 

Data froa our various driU-and-practlce programs in arithmetic have 
been collected In the context of extensive curriculum development in 
computer-assisted instruction at tiie Institute* This development 
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includes continuous revisions running from 196^ to the present, with the 
result that an increasingly individualized curriculum has evolved. The 
data cited were collected for the strandi.s program, which presents axi in- 
dividualized lesson to each student depending upon his level of achieve- 
ment in each of 1^ basic strands or skills. Movement of an individual 
student upward in a strand from one class of exercises to the next de* 
pends only upon his level of performance. In a curriculum organized 
in this fashion we thus have axi tinparalleled opporttinity to compare in 
some detail the performance o.-f deaf and normal-hearing students, because 
each student is advanced 'o the next step in a given skill only after he 
has exhibited mastery at le level on which he is currently working. 

Hie 1^4- strands on which the curriculum is based are shown in Table 2. 
Within each strand, exercises of a homogeneous type are grouped into 

Insert Table 2 about here 

equivalence classes; for example, all horizontal addition exercises with 
a sum between 0 and 5 constitute one equivalence class* Each strand 
contains either five or ten classes per half year, with each class being 
labeled in terms of a grade-placement equivalent. As can be seen from 
the list of strands in Table 2, the standard core ciirriciilum in arith- 
metic is covered by these strajads. 

In addition to the identification of the strands and equivalence 
classes of exercises within a strand, a decision is made about how much 
emphasis should be given to each strand at each grade level. To deter- 
mine this, the curriciilum was divided into 12 parts corresponding to 
half-year intervals and a probability distribution was determined for 



TABLE 2 

Content and Duration of Each Strand 



Strand 


Content 


Grade range 


X 




T ATA 


2 


Vertical addition 


1.0-6.0 


J 


norizonoaj. auaiuion 


*l f\ T TT 

l.o-5o 


ll 


Vertical subtraction 


1,5-6,0 


C 

5 


Horizontal subtraction 


l,0-3»5 


D 


Eg,uations 


1,5-7.0 


7 


Horizontal multiplication 


2.5-5.5 


8 


Vertical mtLLtlpllcatlon 


3.5-7.0 


9 


Fractions ^ 


3.5-7.0 


10 


Division 


3.5-7.0 


11 


Large nmbers and tinits of measure: time, 
money, linear measure, dozen, liquid measure. 






velght. Reman numerals, metric measure 


1.5-7.0 


12 


Decimals 


3.0-7.0 


13 


Commutative, associative and distributive laws 


3.0-7.C 


llf 


Negative nmbers 





-51- 



the proportion of exercises in each strand for each half year. The 
determination of the probability distribution was based upon a prjor 
analysis of three standard textbook series, with subsequent smoothing 
and adjustments of the empiricetl distribution thus derived, A more de- 
tailed accoiint of the CTorriculum of the strands structure and the par- 
ticular way in which the individual student moves through the structure 
is given in Suppes and Morningstar (1970)» 

The data for this curriculm are drawn frcHii the school year 1970-71 
when the program was used by approximately I5OO hearing and 8OO deaf 
students across the United States. The various schools were all linked 
to the Institute's computer at Stanford by phone line. The exercises 
were presented in the schools to students seated at teletype terminals, 
and the data represent entirely re^^onses input on a teletype keyboard. 
About half the normal-hearing children were drawn from ein economically 
depressed district. A high peL*centage of the students in this district 
are black. 

The basic data are the mean percentage correct for each of the 
equivalence classes of the strands curriculiam as described above for 
both deaf and normal-hearing students. It is important to emphasize 
that before a student could reach a given equivalence class on a given 
strand he had to master the previous equivalence class leading up to 
it, independent of his grado placement or chronological age. In a 
genul \e sense, therefore, we were able on a very broad basis to can- 
pare the performance of deaf and normal-hearing students with a common 
basis of preparation jand previous performance. Moreover, numerous 
predictive studies of achievement suggest that this equating of past 
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achievement is more important than equating of IQ. In other words, a re- 
gression equation with achievement as the dependent variable ajid previous 
achievement and IQ as independent variables will almost always have a larger 
positive coefficient for previous achievement than for IQ. Detailed res\ilts 
of this kind may be found in Suppes and Morningstar (1972, Chapter 9). 

Two conclusions, founded on answers to several hxindred thousand exer- 
cises, emerge fran this massive data analysis. The first is that objective 
features of the curricxilum, for example, ^Aether a vertical addition problem 
has a carry or not, doninate the ease or diff ic\ilty of exercises in much the 
same way for both deaf and normal-hearing children. Althou^ the massive 
tab\ilation of data to demonstrate this is omitted, two typical graphs of 
proportion of correct responses for the equivalence classes in two strands, 
the fraction strand and the strand concerned with the commutative, associa- 
tive and distributive laws of arithmetic, are shown in Figures 1 and 2. The 
relatively close match between the curves for deaf and normal '^hearing children 

Insert Figures 1 and 2 about here 

is efiualed by corresponding resiilts for the other 12 strands (detailed quan- 
titative data are given in Suppes & Flannery, 1972). The significant point 
is that the algorithmic '^raction strand and the conceptual strand concerned 
with the laws of arithmetic show quite similar f eatxirer . 

This leads to the second conclusion, which is more surprising than the 
first: the performance of the deaf children is almost always slightly better 
than that of the normal-hearing children. Aore exactly, of the 78l equiva- 
lence classes, summing across all grades and strands for which we have data, 
the mean percentage correct of the deaf students was higher than that of the 



normal-hearing students for 675 classes, and the same to two decimals for 
22 dasses. Ttiese massive data support the thesis that the cognitive per- 
formance of deaf children is as good as that of normal-hearing children, 
vhen the cognitive task does not directly involve in a central way verbal 
skills. From an educational standpoint, the data suggest that with proper 
organization of teaxihing effort, we should be able to obtain results in 
arithmetic as good for deaf children as we do for average to slightly 
below-average normal- hearing children. 

Concluding Remarks 

Fran this survey of cognition in handicapped children several broad 
conclusions emerge. First of all, language problems are central to the 
education of handicapped children and to their becoming productive members 
of the society. At the same time, it is clear that a great deal still needs 
to be learned about the source of their language difficulties, and how these 
difficulties can be met. Extensive experimentation and theoretical analysis 
seem called for in terms both of language comprehension and language produc- 
tion* It is surprieing to find how inadequate the detailed infonnation is 
about the grammatical structure of productions by any of the three main 
groups of handicapped children, and it is also surprising that a detailed 
semantical theory of their problems of ccmmunication is as yet scarcely 
developed. On the other hand, adequate theoretical tools for systematic 
analysis of either production or canprehension grammar and setuantics have 
only become available in the last few years* Hopefully we may look forward 
to significant developments on these matters in the next decade. 
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Another concliision is that we need to transfer the excellent methodology 
developed for the study of learning, especially in retarded children, of dis- 
crimination and simple association paradigms to more complex tasks and to 
"blind and desif children as well. There now exists in general psychology a 
wealth of quantitative and mathematical models of learning, several of which 
have "been applied to complex concept-formation tasks* In view of the impor- 
tance of understanding in detail the learning problems of these children, it 
is hoped that the tools developed in general psychology will be applied to 
their special problems. In fact, I see no reason not to urge that detailed 
mathematical models be applied to subject-matter learning and performance, 
especially to the curriculm of basic skills of language, mathematics and 
reading. The increasingly widespread availability of computer facilities 
for on-line computer-assisted instruction makes such studies considerably 
more feasible than in the past. 

Finally, I would like to emphasise a point made earlier, namely, that 
in future experimentation we need to give more attention to estimating the 
magnitudes of effect of various training procedures and less attention to 
establishing the existence of a statistically significant difference. Only 
from knowing the magnitudes of effect as opposed to the mere fact of the 
existence of differences can we make wise practical Judgments about embarking 
on new and possibly costly training programs. 

The study of cognitive processes in handicapped children is an opportunity 
both for Important theoretical work and for direct application of significant 
theoretical results to practical problems of education. As this survey should 
make clear, a great deal has already been done, bu*- it is fair to say that the ' 
most Important work lies ahead of uGt 
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